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PREFACE 


ihitsmGepOmenmpmepaned shy the U.S. Department of Energy, 
Bartlesville Energy Research Center, for the U.S. Department of 
Transportation, Transportation Systems Center, Energy Technology 
Branch, Cambridge MA, presents results of experimental work to 
obtain information on performance characteristics of an engine 
used in automobiles sold in the U.S. The engine used in this work 
is one of a series of 23 engines to be tested in the current 
program. This is the eighteenth of the reports to be published 
covering work with those engines. 

This project is funded by the National Highway Traffic 
Safety Administration, Office of Research and Development, 
Office of Passenger Vehicle Research, Technology Assessment 
Division. 

RaiphwGea coleilovand James A. Kidd, Jn., of the U.S. De- 
partment of Transportation, Transportation Systems Center, are 


the technical monitors. 
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1. INTRODUCTION 


This report presents data acquired from tests of a 1976 Ford 400 CID, 
2V engine. Ford uses this engine in Ford and Mercury full-size vehicles 
(Custom, LTD, etc.). The test results are sufficient to establish steady- 
State maps for engine performance, fuel consumption, and emission rates 
(carbon monoxide, unburned hydrocarbon, and oxides of nitrogen) over the 
entire operating range of the engine. 


The objective of the program is to provide engine performance data 
for estimating emissions and fuel economy for varied engine service and 
duty. The intent of this work is to provide basic engine characteristic 
data required as input for engineering calculations involving ground 
transportation. 


2. ENGINE TEST REPORT 


General engine specifications for the Ford 400 CID, 2V engine are 
given in table 1. The engine break-in (table 2) and tests were run 
using a single batch of unleaded regular grade gasoline; a fuel analysis 
is given in table 3. 


The engine break-in and tests were conducted with a new mean-toler- 
ance engine mounted on a test stand and coupled to an eddy-current 
dynamometer. The engine was complete with the exception of a fan, and 
a cooling tower was used in place of the radiator. The engine was 
equipped with an alternator, but it was not wired into the engine's elec- 
trical system. The operative emission control systems included an 
oxidation catalyst, exhaust-gas-recirculation (EGR), and air injection. 


The engine was operated at various speeds and loads designed to 
approximate road-load conditions over a 45-hour period for break-in (see 
table 2). The engine tests began on 25 May, and ended on 17 June 
1976, giving a total engine operating time of approximately 110 hours. 


The engine was tested while operating at the following steady-state modes: 


Speeds: “850 1/000; 1),600); (1580035252003 122600-53).000)3,.500 mom 

Loads: OS 1OS 25.7405 COR 7/5 eO0R 00t pet of nul imload 
(Repeated at 10, 25, 40, 75, 100 pct of full load for 
all speeds except 3,500 rpm) 


Idle speed loads: 0, 1.5, 3.0 bhp (Repeated at each condition) 


jhotal numberof stesitumodesmas mentee 70 
NOUN NAS VSNWSG sa coaboabcoogoedocsodc0a05 oa 
lotalainumbery otmmtesitseen eee ane VW. 


The following data were recorded at each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dewpoint, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, 1b-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, Ib/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle angle, deg 

CO, pct -- Beckman NDIR 


C09, pct - Beckman NDIR 

02, pct -- Beckman polarographic detector 

HC, ppm€ -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

011 temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F. 


The computed data include absolute humidity (grains per pound dry 
air), power (bhp), air-fuel ratio (includes air injection), and emission 
rates of carbon monoxide (CO), unburned hydrocarbons (HC), and oxides 
of nitrogen (NO,) in grams per hour. The following equations were 
applied in the computations: 


: D- 1.4 
Wieexpmmlic. 02 2 F2121° 
_ 4348 W, 
Mao i 
> . {Nx 1) (736.6) [t+ 460\ °° 
5252] |B - W 545 , 
NO, CO + COs 
(CO) + 2(COo) + 2(09) +\10"/+ 3.148(CO)\CO + 3C0, 
A/F = 4.895 —————_____________________________ 


HC CORE MICOS 
(CO) NiCOD) + iy 1 + 0.03148(C0>) 4 


The equation for A/F is based on: 


Fuel = CH 999 , 


(CO) (H,0) 


Water-gas-shift equilibrium constant = 
CO, H 


=u 
2 


HC was determined on a raw exhaust, wet basis, all other species 
measured on a dry basis. 


Mass HC 


Mass NO 


where K 


X 


H 


ex 


( 
Ci 


CO MG 
100 Mi. 453. 59237, 


molecular weight of C0O(=28.01115) 


es = molecular weight of exhaust gas (=28.967), 
( x (corc0, -H 
2 Q 
= correction for water removal = 1 + T00 
= (000022079 (EF) (Ay Fe tal) CHE) 
] 


0.000720) "(Ry (A/ Ee) (NO, ) 


is the humidity correction factor (dimensionless). 


5 ] 5 
Ni 5 me ONOOA TIN Ha) 
A/F 


where 


air-fuel ratio 

barometric pressure, mm Hg 

carbon monoxide concentration, pct, vol 
carbon dioxide concentration, pct, vol 
intake air dew point, °F 

fuel rate, 1b/hr 

humidity, grains H0/1b dry air 
unburned hydrocarbon concentration, ppmC, vol 
humidity correction factor 

engine speed, rpm 

nitrogen oxides concentration, ppm, vol 


oxygen concentration, pct, vol 


CORED 


2 
2 


] hnpeeu TOC) 


(') 


, ii Py arate “ at 
__-W = water vapor pressure, mm Hg. 


= torque » ft-1b- 


ae 


3.) DESCUSSTONS OR ESiIp RESUIETS 


Engine performance at wide-open-throttle (WOT) showed that the 
peak torque and brake horsepower values produced by the test engine 
(figure 1) were slightly in excess of those figures quoted in table 1. 
The brake specific fuel consumption at WOT showed some variability, 
possibly due to slight fuel metering inaccuracy. Air-fuel ratio was 
found to be repeatable over the entire operating range of the engine 
(figure 2). The values for air-fuel ratio, however, do not reflect the 
actual stoichiometry in the combustion chamber due to the influence of 
the air-injection system. Fuel consumption rates at engine speeds below 
2,600 rpm show a typical dependence on power output (figure 3). At 
engine speed above 2,600 rpm and above power output levels of 75 pct of 
full load the rate of change of fuel consumption with power output be- 
comes smaller. Emissions of HC and CO were maintained at low levels 
except near WOT conditions and also near no-load conditions for some 
engine speeds (figures 4 and 5). Maximum levels of NOx emissions occur 


typically at 90 to 100 pct of full load for each engine speed (figure 6). 


The repeatability of emission rates, fuel consumption, and per- 
formance data are satisfactory for the purposes of this test. 


4. CONCLUSIONS 


The purpose of the experimental work here is to establish data for 
this engine. Those data are presented in the tables accompanying this 
report. 


TABLE 1. GENERAL ENGINE SPECIFICATIONS 


Displacement.4.. 235420 Meee ace ee eee 400 cu. in. 
Maximum brake horsepower*.............2¢- 165 hp @ 3,500 rpm 
Maixai mum EON Quer wires eyeicicts che eaisee eee mere 329 ft-lb @ 1,800 rpm 
Bore and: Sitroke..clcccuec.is operon AROOM Ine ox. 4500 cine 
ConiilguratiOnicsac css ce ce oe see 90° V 8 cylinders 
COMPLESS TON) WatiO crs. cs ssl oie 8.0 
PAGING: Onde whi anya oecenca raceme eee 1-3-7-2-6-5-4-8 
Ignition timing at idle speed**.......... 12° BIC @ 650 rpm 
Block-mate rilailes tt ort ante teccren ere eens Cast iron 
Headsimaterritall csc.) sa eeneae eereere reece Cast iron 
Number of crankshaft mainbearings........ 5 
Number of compression rings/piston....... 2 
Number “Oifs onl rings/pilsitonae eee eee | 
Cameaeivelscinc ave casio caiere sven ince erorretes Chain 
Valve lift: 

Tintalk@ ss ietcuk Meru oc ees ee see Cenaeere 0.428 in. 

EXMAlUSiGicc. siete crscectre cust cvorster ercperareroeneme tere 0.433 in. 
Valve port size: 

Dntakery iis aie eee eee 2.04 in. 

EXMAUS Gir ia syordsesreee sue hereremereR teencmeteregnee leoSmain 
Valve timing: 

intakes! \OPeniSis ccncnoccsaen cere treceusreaeceate UZ> BUC 

Intake, Closesits tae petree eee ee 59° ABC 

ExhauSit..ODeENS ac ak ee te eee 65° BBC 

Exhausts. Glosess njsiaa: 27° ATC 
Spark, pLUGGgap a seis ec nero eee area 0.044 in. 
Distributor specifications: 

Centrifugal advance begins*......... 1° @ 500 rpm 


Centrifugal advance, intermediate*.. 4.5° @ 650 rpm 
Centrifugal advance, intermediatet.. 8.375° @ 1,500 rpm 


Centrifugal advance, fullt.......... 14° @ 2,500 rpm 
Vacuum advance, beginst............. 0° @ 3 in. Hg 
Vacuum advance, maximum’............ 15-1/2 @ 11-1/2 in. Hg 
Exhaust gas recirculation system: 
Val VONitYy Deis Sox. cee aiencee ersten peeetnds Tapered stem 
Control Signals. eee igen cientorenen: Manifold and venturi vacuum 
PONG Ofadischargerecaaeermr reer EGR spacer 
Crankcase emission control: 
Control “methods saws soe ee oe Positive crankcase ventilation 
Poninitwotedtischangenreice sameeren Air cleaner 
Carburetor types. 2.ccces accatranmeaciieer os 2V downdraft 


* Average estimated net (SAE J-245). 
**Vacuum advance disconnected and plugged. 
+ Distributor degrees at distributor rpm. 
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TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated Vehicle Engine Speed, Manifold Vacuum, Fraction of 


___Speed, mph rpm in. Hg Time in Mode 
0 550 Wold 1/10 
20 900 95 " 
30 5a) 16.5 fi 
40 e550 16 
50 1,900 W425 . 
60 2,250 i225 . 
25 1,050 Ves * 
35 1,400 l6n25 . 
45 1,700 16 2 
55 2,100 i275 A 


Mileage per cycle = 90 miles. 
Total mileage accumlated over the 45-hour break-in period = 1,620 miles. 


TABLE 3. FUEL SPECIFICATIONS 


Fei MENORP es tN tits cialee.cusieie ve scree es e.er 7602 
Research octane No.-.....-5.-.--.- 91.5 
MOPOmOGUANEH NObe<cts ce wicieree eo aoe = 83.8 
Reid vapor pressure, pSig......... ay) 
Distillation, °F: 
10) ete soon cebo> one Couey AED 134 
50) {Cbs omouaueoee coda do Oe dition 214 
QS). DClbocomomorno0 00.000 Ces OOK 388 
OOM Gtr cress nis cree clehs ocr 418 
MP GCirewnigs Ceasdudoodoons omnia oc 67.0 
FIA analysis, pct: 
/\NACTIENEN CSAS cataceanard sooo oden 1 
OUP TUS Aaa ey CCR IB a eather Pacer 16 
DalrawatallniSttemicrsiereustace oc tsgs countess 73 
SUIFUIPS elec dc aotecde cous Heo onebm 0.024 
Leacl.. G/Gailles ce cameo o Scop CUO COT OED Trace 
Hydrogen/carbon atomic ratio...... 2.09 
Suecinic Giga Walle View wee keV onekeioictete iaioneccte 0.7126 


CORRECTED BRAKE HP 


BSFC, 1b/hp-hr 


75 
150 
25 


100 
15 


50 
25 


500 1,500 2,900 


1,000 70008 a 3,900 4,000 
ENGINE, rpm 

FIGURE 1. Brake Specific Fuel Consumption, Torque 

and Brake Horsepower versus Engine rpm 


at Wide-Open-Throttle--400-CID Ford 
Engine. 
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TORQUE, ft-1b 


AIR-FUEL RATIO 


850 rpm 


2,200 rpm 


23 23 
1,800 rpm 3,500 rpm 
21 21 
19 19 
7 V7 
Us 15 
13 13 
1 nN 
0 20 40 60 80 100 120 0 30 60 90 120 150 180 


POWER, bhp 


FIGURE 2. Air/Fuel Ratio versus Power at Various Speed 
and Load Conditions--400-CID Ford Engine. 
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FUEL RATE, 1b/hour 


30 = 
25 850_rpm B 2,200 rpm 
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: 12 
a 0 


90 
2,600 rpm 
75 
60 
45 
30 
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0 


10 20 30 40 50 60 30 60 90 120 150 180 
60 120 
1,600 rpm 3,000 rpm 
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40 80 
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oO 
t=} 


20 40 60 80 100 120 30 60 90 120 150 180 
60 120 
zs 1,800 rpm ies eee 
40 80 
30 60 
20 40 
10 20 
: 20 40 60 80 100 120 2 30 60 90 120 150 180 
POWER, bhp 


FIGURE 3. Fuel Rate versus Power at Various Speed 
and Load Conditions--400-CID Ford Engine. 
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CARBON MONOXIDE, grams/hour 


2,200 rpm 


6,000 24 ,000 
850 rpm 

5,000 20,000 
4,000 16,000 
3,000 12,000 
2,000 8,090 
1,000 4,000 

0 0 


10 20 30 40 50 60 25 50 75 100 125 150 


7,200 30 ,000 
6,000 25,000 
4,800 20,000 
3,600 15,000 
2,400 10,000 


1,200 5,000 


10 20 30 40 50 60 30 60 90 120 150 180 


24,000 
1,600 rpm 
20,000 


16,000 
12,000 


8,000 
4,000 


20 40 60 80 100 =120 


24,000 
1,800 rpm 
20,000 
16,000 
12,000 


8,000 


4,000 


20 40 60 80 100 120 
POWER, bhp 


FIGURE 4. Carbon Monoxide Emissions versus Power at 
Various Speed and Load Conditions-- 
400-CID Ford Engine. 
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HYDROCARBON, grams/hour 


2,600 rpm 


125 250 
100 200 
75 150 
50 100 
25 50 
gc O SIRIGONICONMECONINNZONNAISONMNIBO 
240 480 
1,600 rpm 3,000 rpm A 
200 400 e 
160 320 
120 240 
80 160 
40 80 
0 0 
20M NLGOMEMCOMN clon mISoNmIGD 
480 480 
400 400 S,500Enpm 
320 320 
240 240 
160 160 
80 80 
0 0 30 60 90 120. 150 180 


PONER, bhp 


FIGURE 5. Hydrocarbon Emissions versus Power at Various 
Speed and Load Conditions--400 CID Ford Engine. 
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OXIDES OF NITROGEN, grams/hour 


300 360 
250 =o 300 
290 240 
150 180 
100 120 
50 60 

0 0 


360 360 f— ® 
1,000 rpm 2,600 rpm 
300 300 
240 0 240 
180 180 
120 120 
60 @ 60 
0 0 
TOM G20! 3012, 140 dan'Son GO 30 60 90 120 150 180 
240 480 
1,600 rpm 3,000 rpm n 
200 400 
160 320 
120 240 
80 © 160 
40 80 e 
| xe 
* 
0 20 40 60 #80 100 120 9 30 60 90 120 150 180 
360 480 
1,800 rpm 
300 400 
240 320 
@ 
180 240 
120 e 160 
60 80 
0 0 
20 40 60 #80 100 120 


POWER, bhp 


FIGURE 6. Oxides of Nitrogen Emissions versus Power at 
Various Speed and Load Conditions--400-CID 
Ford Engine. 
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